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Decay X(3872) → pi0pi+pi− and S-wave D0D¯0 → pi+pi− scattering length
N. N. Achasov and G. N. Shestakov
Laboratory of Theoretical Physics, S. L. Sobolev Institute for Mathematics, 630090 Novosibirsk, Russia
The isospin-breaking decay X(3872) → (D∗D¯ + D¯∗D) → pi0DD¯ → pi0pi+pi− is discussed. In
its amplitude there is a triangle logarithmic singularity, due to which the dominant contribution to
BR(X(3872)→ pi0pi+pi−) comes from the production of the pi+pi− system in a narrow interval of the
invariant mass mpi+pi− near the value of 2mD0 ≈ 3.73 GeV. The analysis shows that BR(X(3872) →
pi0pi+pi−) can be expected at the level of 10−3–10−4. This estimate includes, in particular, the
assumption that the S-wave inelastic scattering length |α′′D0D¯0→pi+pi− | ≈ 1/(2mD∗+) ≈ 0.25 GeV−1.
I. INTRODUCTION
The state X(3872) [or χc1(3872) [1]] was first ob-
served in 2003 by the Belle Collaboration in the process
B → K(X(3872)→ π+π−J/ψ) [2]. Then it was observed
in many other experiments in other processes and decay
channels [1]. The X(3872) is a narrow resonance in non-
(D∗0D¯0+D¯∗0D0) decay channels, ΓX < 1.2 MeV [3], and
its mass coincides practically with the D∗0D¯0 threshold
[1]. It has the quantum numbers IG(JPC) = 0+(1++)
[1, 4, 5]. In addition to decay into π+π−J/ψ [2, 6, 7],
the X(3872) also decays into ωJ/ψ [8–11], D∗0D¯0 + c.c.
[12, 13], γJ/ψ [14–16], γψ(2S) [14–16], and π0χc1(1P )
[17, 18]. The nature of X(3872) remains the subject of
much discussion; see, for example, Refs. [14–33]. Of
course, new experiments will allow making a more defi-
nite choice between different interpretations.
The search for X(3872) in decay channels that do not
contain charmed particles or charmonium states [i.e., in
channels other than D∗0D¯0 + c.c., D0D¯0π0, π+π−J/ψ,
ωJ/ψ, γJ/ψ, γψ(2S), π+π−ηc(1S), π+π−χc1(1P ), and
π0χc1(1P )] is of great interest [1, 25–35]. For example,
the cc¯ = χc1(2P ) scenario predicts a significant num-
ber of various two gluon decays X(3872) → (gluon +
gluon) → light hadrons [26–30]. The situation here
is qualitatively the same as for the decays χc1(1P ) →
(gluon + gluon) → light hadrons. In this way, only
one channel has been explored so far [1]. Namely, the
LHCb Collaboration undertook a search for the decay
X(3872) → pp¯, which resulted in the following restric-
tion [34]:
BR(B+ → X(3872)K+)× (BR(X(3872)→ pp¯)
BR(B+ → J/ψK+)× (BR(J/ψ → pp¯)
< 0.25× 10−2. (1)
Hence, in view of BR(B+ → J/ψK+) × (BR(J/ψ →
pp¯) ≈ 2.14 × 10−6 [1] and 0.9 × 10−4 < BR(B+ →
X(3872)K+) < 2.7× 10−4 [1, 36], it follows that
BR(X(3872)→ pp¯) < 0.6× 10−4. (2)
Taking into account a sizable contribution of theD∗0D¯0+
D¯∗0D0 channel (and also the channels containing the
charmonium states) to the X(3872) decay rate, one can
conclude that the above relation is in satisfactory agree-
ment (at least not in contradiction) with what is observed
in the decays of the χc1(1P ) meson: BR(χc1(1P ) →
pp¯) = (7.60±0.34)×10−5 [1]. Note that the χc1(1P ) has
only one decay into γJ/ψ containing cc¯ quarks in the final
state. It is also proposed to investigate the X(3872) cou-
pling to the pp¯ channel in the reaction pp¯→ X(3872)→
π+π−J/ψ with the PANDA detector [35].
We propose to obtain an experimental limit on the
probability of the decay X(3872) → π0π+π− and, if
lucky, to register this decay. According to our estimate,
the branching ratio of the decay X(3872) → π0π+π−
can be expected at the level of 10−3–10−4 due to the
transition mechanism X(3872) → (D∗D¯ + D¯∗D) →
π0DD¯ → π0π+π−. In this case, the main contribution
to BR(X(3872)→ π0π+π−) comes from the production
of π+π− pairs in a narrow interval of the invariant mass
mpi+pi− near the value of 2mD0 ≈ 3.73 GeV.
As for the nature of X(3872), our calculations implic-
itly imply for this state the conventional cc¯ nature, i.e.,
that it is a compact charmonium state similar to the
states χc1(1P ), ψ(2S), ψ(3770), and so on, and to de-
scribe its decays one can use the effective phenomenolog-
ical Lagrangian approach [25–30].
II. ESTIMATE OF BR(X(3872) → pi0pi+pi−)
The decay X(3872)→ (D∗0D¯0 + D¯∗0D0) → π0D0D¯0
(see Fig. 1) is one of the main decay channels of the
X(3872) resonance [1]. Because of the final state inter-
action among D0 and D¯0 mesons, i.e., due to the S-wave
transition D0D¯0 → π+π−, the isospin breaking decay
X(3872)→ (D∗0D¯0 + D¯∗0D0)→ π0D0D¯0 → π0π+π− is
induced (see Fig. 2).
The amplitudes of such triangle diagrams, as in Fig. 2,
may contain logarithmic singularities that can produce
some enhancement in the mass spectra. The conditions
for the appearance of such singularities in the physical
region of the reaction were repeatedly deduced in various
forms and discussed in the literature; see, for example,
Refs. [37–45] and also the very recent work [46]. For the
considered mechanism of the X → π0π+π− decay, these
conditions are reduced to the following relations.
If the virtual invariant mass squared of the X(3872)
resonance s1 falls in the range
2(m2D∗0 +m
2
D0)−m2pi0 = (3.87193 GeV)2 > s1
2X(3872)
pi0
D∗0(D¯∗0)
D¯0(D0)
D0(D¯0)
Figure 1: The diagram of the decayX(3872) → D0D¯0pi0. The
four-momenta of X(3872), D0, D¯0, and pi0 are, respectively,
p1, pD, pD¯, and ppi; the four-momenta of the intermediate
D∗0 and D¯∗0 are k1 and k2, respectively.
p1
p2
p3
X(3872),
pi0,D
∗0(D¯∗0)
D¯0(D0)
D0(D¯0)
pi+
pi−
Figure 2: The diagram of the decay X(3872) → (D∗0D¯0 +
D¯∗0D0)→ pi0D0D¯0 → pi0pi+pi−. In the X(3872) mass region,
all intermediate particles in the triangle loop can be near or
directly on the mass shell. As a consequence, a logarithmic
singularity in the imaginary part of the amplitude emerges
in the hypothetical case of the stable D∗0 meson when the
conditions (3) and (4) are fulfilled. The four-momenta of cor-
responding particles are denoted as p1, p2, and p3; p
2
1 = s1
is the squared invariant mass of the X(3872) resonance or of
the final pi0pi+pi− system; p22 = s2 = m
2
pi+pi− is the squared
invariant mass of the final pi+pi− system; and p23 = m
2
pi0 .
> (mD∗0 +mD0)
2 = (3.87168 GeV)2, (3)
then, in the range of the invariant mass squared of the
π+π− system s2 = m2pi+pi−
mD0
mD∗0
(m2D∗0 +m
2
D0 −m2pi0) + 2m2D0 = (3.7299 GeV)2
> s2 > 4m
2
D0 = (3.72966 GeV)
2, (4)
the imaginary part of the amplitude of the diagram in
Fig. 2 contains the triangle logarithmic singularity [37–
46]. Below, we see that this singularity leads to the res-
onancelike enhancement in the π+π− mass spectrum at√
s2 = mpi+pi− ≈ 2mD0 ≈ 3.73 GeV, i.e., near the D0D¯0
threshold.
The decay X(3872) → π0π+π− can also be pro-
duced via the charged intermediate states, X(3872) →
(D∗+D− + D∗−D+) → π0D+D− → π0π+π− (see Fig.
3). From the isotopic symmetry for the coupling con-
stants (C invariance of the amplitudes is implied), it
follows that the contributions of the diagrams in Figs.
2 and 3 exactly compensate each other and the isospin
breaking decay X(3872)→ π0π+π− is absent, ifmD∗+ =
mD∗0 and mD+ = mD0 . However, the D
∗0D¯0 and
p1
p2
p3
X(3872),
pi0,D
∗+(D∗−)
D−(D+)
D+(D−)
pi+
pi−
Figure 3: The diagram of the decay X(3872) → pi0pi+pi− cor-
responding to the charged intermediate state contributions,
X(3872) → (D∗+D− +D∗−D+)→ pi0D+D− → pi0pi+pi−.
D∗+D− thresholds in the variable
√
s1 differ by 8.23 MeV
(mD∗0 +mD¯0 = 3.87168 GeV, mD∗+ +mD− = 3.87991
GeV) and the D0D¯0 and D+D− thresholds in the vari-
able
√
s2 differ by 9.644 MeV (2mD0 = 3.72966 GeV,
2mD± = 3.73930 GeV). Therefore, in the region of the
variables
√
s1 and
√
s2 that is significant for the decay
X(3872)→ π0π+π− (i.e., for √s1 ≈ mX ≈ mD∗0+mD¯0 ,
where mX is the nominal mass of the X(3872) equal to
3.87169 GeV [1], and
√
s2 ≈ 2mD¯0 ≈ 3.73 GeV), the
contributions from the neutral (see Fig. 2) and charged
(see Fig. 3) intermediate states weakly compensate each
other and the contribution of the diagram in Fig. 2 dom-
inates.
We write the differential probability for the decay of
the virtual state X(3872) to π0π+π− in the form
d2BR(X → π0π+π−; s1, s2)
d
√
s1d
√
s2
=
2
√
s1
π
√
s1
|DX(s1)|2
dΓ(X → π0π+π−; s1, s2)
d
√
s2
, (5)
where DX(s1) is the inverse propagator of the X(3872)
resonance [25, 27, 28] that takes into account the cou-
plings of X(3872) with the D∗D¯ + D¯∗D decay channels
as well as with all non-(D∗D¯ + D¯∗D) decay channels;
and dΓ(X → π0π+π−; s1, s2)/d√s2 is the X → π0π+π−
differential decay width in the variable
√
s2 = mpi+pi−
caused by the sum of the diagrams in Figs. 2 and 3.
The X(3872) resonance propagator constructed in
Refs. [25, 27, 28] has good analytical and unitary prop-
erties. The inverse propagator DX(s1) has the form
[25, 27, 28]
DX(s1) = m
2
X − s1
+
∑
ab
[ReΠabX (m
2
X)−ΠabX (s1)]− imXΓnon, (6)
where Γnon = ΣiΓi is the total width of the X(3872)
decay to all non-(D∗D¯ + D¯∗D) channels which in the
narrow region of the X(3872) peak (ΓX < 1.2 MeV [1, 3])
is approximated by a constant; ab = D
∗0D¯0, D¯
∗0D0,
D
∗+D−, D
∗−D+. At s1 > (ma +mb)2
ΠabX (s1) =
g2A
16π
[
m
(+)
ab m
(−)
ab
πs1
ln
mb
ma
+ ρab(s1)
3×

i− 1
π
ln
√
s1 −m(−) 2ab +
√
s1 −m(+) 2ab√
s1 −m(−) 2ab −
√
s1 −m(+) 2ab



 , (7)
where ρab(s1) =
√
s1 −m(+) 2ab
√
s1 −m(−) 2ab /s, m(±)ab =
ma ±mb, ma > mb,
ImΠabX (s1) =
√
s1ΓX→ab(s1) =
g2A
16π
ρab(s1), (8)
and gA is the coupling constant of X with the D
∗0D¯0
channel. At m
(−) 2
ab < s1 < m
(+) 2
ab
ΠabX (s1) =
g2A
16π
[
m
(+)
ab m
(−)
ab
πs1
ln
mb
ma
−ρab(s1)

1− 2
π
arctan
√
m
(+) 2
ab − s1√
s1 −m(−) 2ab



 , (9)
where ρab(s1)=
√
m
(+) 2
ab − s1
√
s1 −m(−) 2ab /s1. If s1 ≤
m
(−) 2
ab , then ρab(s1)=
√
m
(+) 2
ab − s1
√
m
(−) 2
ab − s1 /s1,
and
ΠabX (s1) =
g2A
16π
[
m
(+)
ab m
(−)
ab
πs1
ln
mb
ma
+ρab(s1)
1
π
ln
√
m
(+) 2
ab − s1 +
√
m
(−) 2
ab − s1√
m
(+) 2
ab − s1 −
√
m
(−) 2
ab − s1

 . (10)
The sum of the probabilities of the X(3872) decay to all
modes satisfies the unitarity [25, 27, 28]
BR(X → (D∗0D¯0 + c.c.))
+BR(X → (D∗+D− + c.c)) + ΣiBR(X → i) = 1. (11)
The coupling of the X(3872) with the D∗0D¯0 system was
introduced in Refs. [25–28] by means of the Lagrangian
LXD∗0D¯0(x) = gAX
µ(D∗0µ D¯
0 + D¯∗0µ D
0) (12)
and the range of possible values of the coupling constant
g2A/(16π) was determined from the analysis of the exper-
imental data [3, 6, 8, 9, 13, 15].
To describe the amplitudes of the D∗ → Dπ0 decays,
we use the expression
VD∗Dpi0 = gD∗Dpi0(ǫD∗ , ppi0 − pD) , (13)
where ǫD∗ is the polarization four-vector of the D
∗ me-
son, ppi0 and pD are the four-momenta of π
0 and D, re-
spectively; gD∗+D+pi0 = −gD∗0D0pi0 .
The effective vertex of the X(3872) → (D∗D¯ +
D¯∗D) → π0DD¯ → π0π+π− transition corresponding to
the sum of the diagrams in Figs. 2 and 3, in which the
π+π− system is produced in the S wave, can be written
as
VXpi0pi+pi− = GXpi0pi+pi−(s1, s2)(ǫX , p3 − p2)
= 2
g¯
16π
[F0(s1, s2)− F+(s1, s2)] , (14)
where the invariant amplitude GXpi0pi+pi−(s1, s2) is used
below [see, Eq. (19)] to compactly write the expres-
sion for the energy dependent differential width of the
X → π0π+π− decay; ǫX is the polarization four-vector
of the X(3872), the amplitudes F0(s1, s2) and F+(s1, s2)
describe the contributions from the neutral and charged
intermediate D∗D¯ states, respectively, and
g¯=gA gD∗0D0pi0 gD0D¯0pi+pi− . (15)
We assume the S-wave amplitudes of the processes
D0D¯0 → π+π− and D+D¯− → π+π− (entering in the
amplitudes of the diagrams in Figs. 2 and 3) to be equal
and approximate them in the region of the DD¯ thresh-
olds by an s2-independent constant gD0D¯0pi+pi− .
Taking into account Eqs. (12)–(14), the amplitude
F0(s1, s2) can be written in the form
F0(s1, s2) =
i
π3
ǫXµ
∫ (−gµν + kµkνm2
D∗0
)
(2p3ν − kν)
(k2 −m2
D∗0
+ iε)
× d
4k
((p1 − k)2 −m2D0 + iε)((k − p3)2 −m2D¯0 + iε)
.(16)
The four-vector under the integral sign we transform as
follows(
−gµν − kµkν
m2D∗
)
(2p3ν − kν) = −2p3µ + kµ
(
m2D∗0
−m2D0 +m2pi0
)
/m2D∗0 − kµ((k − p3)2 −m2D¯0)/m2D∗0 .(17)
This shows that after reducing the numerator and de-
nominator in Eq. (16) by the factor ((k − p3)2 −m2D¯0),
the divergent part of the integral is proportional to p1µ
[i.e., the four-moment of theX(3872) resonance] and does
not contribute to F0(s1, s2) because (ǫX , p1) = 0. For the
numerical calculation of the amplitudes F0(s1, s2) in Eq.
(16), we use the method developed in Refs. [47, 48].
Note that the part of the contribution from the second
term in (17), kµ(m
2
D∗0 −m2D0 +m2pi0)/m2D∗0 , which after
integration turns out to be proportional to p3µ, gives a
negligible contribution to F0(s1, s2) in the
√
s1 and
√
s2
region under consideration. Thus we put
F0(s1, s2) = −2(ǫX , p3) i
π3
∫
d4k
(k2 −m2
D∗0
+ iε)
× 1
((p1 − k)2 −m2D0 + iε)((k − p3)2 −m2D¯0 + iε)
. (18)
The amplitude F+(s1, s2) is obtained from Eq. (18) by
replacing the masses of neutral D∗ and D mesons by the
masses of their charged partners.
4Using Eq. (14) we express the differential width
dΓ(X → π0π+π−; s1, s2)/d√s2 in terms of the invariant
amplitude GXpi0pi+pi−(s1, s2).
dΓ(X → π0π+π−; s1, s2)
d
√
s2
=
2
3
|GXpi0pi+pi−(s1, s2)|2
4π
p3(s1, s2)
s1
ρ(s2)
16π
2
√
s2
π
, (19)
where
p(s1, s2) =
√
s21 − 2s1(s2 +m2pi0) + (s2 −m2pi0)2
2
√
s1
, (20)
ρ(s2) =
√
1− 4m2
pi+
/s2. (21)
The width of the decay X → π0π+π− as a function of s1
has the form
Γ(X → π0π+π−; s1)
=
∫ √s1−m0pi
2m
pi+
dΓ(X → π0π+π−; s1, s2)
d
√
s2
d
√
s2 , (22)
and the probability of this decay is given by the expres-
sion
BR(X → π0π+π−)
=
∫ ∞
3mpi
2
√
s1
π
√
s1Γ(X → π0π+π−; s1)
|DX(s1)|2 d
√
s1 . (23)
Equations (22) and (23) indicate the kinematically allow-
able limits of integration. In fact, the main contributions
in Eqs. (22) and (23) are concentrated in much smaller
intervals.
We now estimate the coupling constants gD∗0D0pi0 and
gD0D¯0pi+pi− .
For the total decay width of the D∗0 meson, only its
upper limit is known so far: ΓD∗0 < 2.1 MeV [1]. On
the other hand, the total decay width of the D∗+ meson
and the branching ratio of the D∗+ → (Dπ)+ decay are
well known [1]: ΓD∗+ ≈ 83.6 keV, BR(D∗+ → (Dπ)+) ≈
98.4%. Assuming the isotopic symmetry for the coupling
constants gD∗Dpi, we have
m2
D∗0
ΓD∗0→D0pi0
p3
D0pi0
=
m2
D∗+
ΓD∗+→(Dpi)+
2p3
D0pi+
+ p3
D+pi0
, (24)
where pDpi denotes the momentum of the finalD or π me-
son in the D∗ rest frame. From here we find the decay
width ΓD∗0→D0pi0 ≈ 36 keV and the coupling constant
g2
D∗0D0pi0
/(4π) = 3m2
D∗0
ΓD∗0→D0pi0/(2p3D0pi0) ≈ 2.8. Us-
ing also the value of BR(D∗0 → D0π0) ≈ 64.7% [1],
we get an estimate for the total decay width of the
D∗0 meson: ΓD∗0 ≈ 55.6 keV. Here we note in pass-
ing the following. As the examples [49–54] show, the in-
stability of the vector mesons in the intermediate states
(i.e., the finiteness of their total widths) is important to
take into account when estimating the contributions of
logarithmic triangle singularities. In this case, ΓD∗0 is
small. Nevertheless, its accounting in the D∗0 propaga-
tor (by replacing m2
D∗0
→ m2
D∗0
− imD∗0ΓD∗0) notice-
ably smoothes the logarithmic singularity in the ampli-
tude of the diagram in Fig. 2 and the computed width
Γ(X(3872)→ π0π+π−;mX) is reduced by approximately
30% as compared to that for ΓD∗0 = 0. In a similar way,
we take into account the width ΓD∗± in the D
∗± propa-
gator.
The constant gD0D¯0pi+pi− is associated with the annihi-
lation cross section σD0D¯0→pi+pi− at the D
0D¯0 threshold
and with the corresponding inelastic scattering length
α′′
D0D¯0→pi+pi− by the relations:
k σD0D¯0→pi+pi−
4π
= |α′′
D0D¯0→pi+pi− | = q
∣∣∣∣gD0D¯0pi+pi−8π√s2
∣∣∣∣
2
,(25)
where k and q are momenta of the D0 and π+ mesons,
respectively, in the center-of-mass frame of the reac-
tion D0D¯0 → π+π−. In the D0D¯0 threshold domain
of interest to us, q/s2 ≈ 1/(4mD0). At present, the
values in Eq. (25), which characterizes the S-wave
D0D¯0 → π+π− annihilation at rest, are completely un-
known. If we naively put the inelastic scattering length
|α′′
D0D¯0→pi+pi− | ≈ 1/(2mD∗+) ≈ 1/(4GeV) (which is in
dimensionless units mpi+ |α′′D0D¯0→pi+pi− | ≈ 0.0347), then
|gD0D¯0pi+pi−/(8π)|2 is approximately equal to ≈ 1.8. We
use this value in further evaluations. It is clear that
our rough estimate is related to considerations about
the D0D¯0 annihilation radius. An experiment will show
whether this value is reasonable or not. For compar-
ison, we note that the tree D0D¯0 → π+π− annihi-
lation amplitude caused by the charged D∗ exchange
leads to |α′′
D0D¯0→pi+pi− |, which is about 15 times greater
than our estimate, due to the large coupling constant
g2
D∗+D0pi+
/(4π) ≈ 5.6 (see note [55]).
Figure 4 shows an example of the π+π− mass spec-
trum in the decay X(3872) → π0π+π−, i.e., dΓ(X →
π0π+π−; s1, s2)/d
√
s2 as a function of
√
s2, calculated
with use of Eq. (19) at
√
s1 = mX = 3.87169 GeV
and the coupling constant of X(3872) with the D∗0D¯0
channel g2A/(16π) = 0.25 GeV
2 (other possible values
for g2A/(16π) are discussed below). The integration
dΓ(X → π0π+π−;m2X , s2)/d
√
s2 over
√
s2 in the region
of 35 MeV wide, i.e., from mX − mpi0 − 0.035 GeV =
3.70171 GeV to mX − mpi0 = 3.73671 GeV, results in
Γ(X → π0π+π−;m2X) ≈ 3 keV. However, as can be
seen from Fig. 5, this is in fact the maximal value of
the X(3872) → π0π+π− decay width in the X(3872)
resonance region. The width Γ(X → π0π+π−; s1) is a
sharply changing function of
√
s1. Two peaks in Γ(X →
π0π+π−; s1) located near theD∗0D¯0 andD∗+D− thresh-
olds (see Fig. 5) are manifestations of the logarithmic
singularities in the amplitudes of the diagrams in Fig. 2
(the left peak) and in Fig. 3 (the right peak) [56]. The
most important contribution to BR(X → π0π+π−) [see
Eq. (23)] comes from the left peak. The right peak in
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Figure 4: An example of the pi+pi− mass spectrum dΓ(X →
pi0pi+pi−; s1, s2)/d
√
s2 constructed with the use of Eq. (19)
at
√
s1 = mX = 3.87169 GeV and g
2
A/(16pi) = 0.25 GeV
2.
The solid curve corresponds to the sum of the diagrams in
Figs. 2 and 3. The dashed curve shows the contribution
from the diagram in Fig. 2 only. The
√
s2 values between
which [according to Eq. (4)] the amplitude of the X(3872) →
(D∗0D¯0+ D¯∗0D0)→ pi0D0D¯0 → pi0pi+pi− decay contains the
logarithmic singularity, in the hypothetical case of the stable
D∗0 meson, are shown by the dotted vertical lines. In so
doing, the singularity itself is located at
√
s2 = 3.72982 GeV
(see note [57]).
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Figure 5: The width Γ(X → pi0pi+pi−; s1) as a function of√
s1. The constructed example corresponds to g
2
A/(16pi) =
0.25 GeV2.
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Figure 6: The resonance distribution 2s1/(pi|DX (s1)|2) at
g2A/(16pi) = 0.25 GeV
2 and Γnon = 1 MeV.
Γ(X → π0π+π−; s1) practically does not work as it is
located far on the right tail of the X(3872) resonance
and its contribution to BR(X → π0π+π−) is strongly
suppressed by the X(3872) propagator module squared.
We now present numerical estimates for BR(X →
π0π+π−) using as a guide the values of gA obtained
in Refs. [25, 27, 28]. Figure 6 shows an example of
the resonance distribution 2s1/(π|DX(s1)|2) calculated
at mX = 3.87169 GeV [1], g
2
A/(16π) = 0.25 GeV
2, and
Γnon = 1 MeV. Weighting with this distribution the en-
ergy dependent width Γ(X → π0π+π−; s1) shown in Fig.
5, we find, according to Eq. (23), that for the above val-
ues of the parameters BR(X → π0π+π−) ≈ 5 × 10−4.
Estimates for BR(X → π0π+π−) for different values of
g2A/(16π) and Γnon, which we vary in a fairly wide but
reasonable range, are given in Table I at mX = 3.87169
GeV [1].
Table I: BR(X((3872) → pi0pi+pi−) in units of 10−4 for five
values of g2A/(16pi) and three values of Γnon; mX = 3.87169
GeV.
g2A/(16pi) (in GeV
2) = 0.1 = 0.2 = 0.25 = 0.5 = 1.0
Γnon = 0.5 MeV 7.42 8.42 8.35 7.10 5.19
Γnon = 1 MeV 3.93 4.99 5.14 4.88 3.84
Γnon = 2 MeV 1.93 2.70 2.89 3.07 2.67
It is not yet clear whether the mass of the X(3872)
state lies slightly above or slightly below the D∗0D¯0
threshold. The ±0.17 MeV uncertainty that the Particle
Data Group [1] indicates allows for both possibilities. Ta-
bles II and III show the estimates for BR(X → π0π+π−)
at the same values of g2A/(16π) and Γnon as in Table I
6Table II: The same as Table I but for mX = 3.87169+0.00017
GeV.
g2A/(16pi) (in GeV
2) = 0.1 = 0.2 = 0.25 = 0.5 = 1.0
Γnon = 0.5 MeV 6.45 6.97 6.82 5.63 3.94
Γnon = 1 MeV 3.76 4.60 4.68 4.30 3.27
Γnon = 2 MeV 1.93 2.64 2.80 2.89 2.45
Table III: The same as Table I but formX = 3.87169−0.00017
GeV.
g2A/(16pi) (in GeV
2) = 0.1 = 0.2 = 0.25 = 0.5 = 1.0
Γnon = 0.5 MeV 8.04 11.2 12.2 14.7 16.3
Γnon = 1 MeV 3.91 5.57 6.08 7.37 8.20
Γnon = 2 MeV 1.86 2.73 3.01 3.70 4.12
but for mX = 3.87169± 0.00017 GeV.
III. CONCLUSION
The above analysis shows that BR(X(3872) →
π0π+π−) can be expected at the level of 10−3–10−4.
The dominant contribution to BR(X(3872)→ π0π+π−)
comes from the production of the π+π− system
in a narrow (no more than 20 MeV wide) inter-
val of the invariant mass mpi+pi− near the value of
2mD0 ≈ 3.73 GeV. The π+π− events with such an
invariant mass can serve as a signature of the decay
X(3872)→ (D∗0D¯0 + D¯∗0D0)→ π0D0D¯0 → π0π+π−.
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